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Abstract 
The impact of managed lanes on motorway capacity is an increasing topic of interest. A trial of a dedicated lane on an urban 
motorway is described in this paper. The assessment of the operation is carried out ex post, based on a before after comparison 
between the do noting case and the new implemented scheme. When the dedicated lane is implemented, capacity remains stable 
upstream and downstream. The level of service is significantly degraded upstream and slightly improved downstream. The length 
of the recurring morning peak increases. Other changes concerning travel time and traffic volumes are also analyzed.  
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
To face the extent of recurring congestion on main road networks, operators are implementing a wide range of 
traffic management strategies. Ramp metering and Variable Speed Limits are traditional actions with effective, but 
limited effects on capacity. On the contrary, Managed Lanes operations can bring a significant effect on the capacity 
of a road network. This paper illustrates the impact of a dedicated lane on the capacity and the level of service of an 
urban motorway. It describes a trial launched on the A1 motorway in the north of Paris with a lane dedicated for 
taxis and buses. The paper is organized as follows. Section 2 summarizes the background of the research. Then 
Section 3 presents the methodology for the data qualification and the exploitation process. Section 4 describes the 
pilot study. The various results are then illustrated in Section 5. The conclusion retrieves the main impacts of the 
dedicated lane on traffic conditions.  
 
 
                                                          
* Corresponding author. Tel: +33 1 45 92 56 17; fax: +33 1 45 92 55 01.  
E-mail address: simon.cohen@ifsttar.fr 
 
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
Judith Princeton and Simon Cohen / Procedia Social and Behavioral Sciences 16 (2011) 196–206 197
2. Background 
Increases in capacity on a road network are often needed to tackle high peak demand rates. However, new 
roadway systems and extension of the networks run up today against strong budgetary constraints and 
environmental requirements. In this context, it is advisable to test innovating methods to control traffic congestion. 
An alternative consists in optimizing - in time and space - the use of the infrastructures with dynamic management 
tools (Schrijnen, 2001). Various technical solutions can be implemented combining the reduction of the width of the 
lanes with the temporary or permanent use of the hard shoulder as an additional lane. This leads to categories like 
rush hour lanes, plus lanes or additional traffic lanes resulting from the reduction of the width of all the lanes the 
hard shoulder being maintained and dedicated lanes like high occupancy vehicles lanes (HOV) or high occupancy 
toll lanes (HOT). Each type of installation is associated with adapted traffic signs and markings. A specific speed 
limit can also be implemented, sometimes accompanied by an access control imposed to heavy lorries. Traffic 
monitoring is reinforced thanks to automatic incident detection systems.  
The use of the hard shoulder as a running lane has naturally a strong impact on the capacity and the level of 
service (Urbanik, Bonilla, 1987), (Kellermann, 2000). The European experiments with a hard shoulder running lane 
show that the overall capacity gain ranges from 900 to 1500 veh/h. Thus for example, on the A4 motorway, near 
Cologne (Germany) the hard shoulder is opened during the morning and the evening peak hours. The speed-flow 
diagram shows an increase of 900 veh/h of the capacity (Sparmann, 2007). Around Munich, the hard shoulder is 
used when the infrastructure operates at capacity. This additional lane is especially used by trucks and the increase 
in capacity reaches 1500 veh/h. Similar results are observed near Paris with the dynamic use of a hard shoulder 
(Cohen, 2008). On the A4-A86 motorway section, the fundamental diagram shows a 900 veh/h increase of the 
capacity in one direction and 1100 veh/h in the other direction. In the UK, the M42 section in the south of 
Birmingham is one of the busiest motorway sections in the country. In the frame of the ATM policy, the hard 
shoulder is used when congestion occurs. The 80th percentile of the cumulative frequency for the 15-minute 
maximum flow observed over a 24–hour period is used as a measure to estimate the change in capacity. The 
observed motorway capacity increases by an average between 7% and 9% (Mott MacDonald, 2008).  
Compared to the standard value of 2200 pcu/lane, the limited increases in capacity observed can be explained by 
the width reduction of the lanes which would affect the users comfort. Thus they would drive slower and less 
efficiently. The increase extent is not the same for all countries. Significant profits can be explained by the speed 
limits which accompany sometimes the opening of the hard shoulder. The limitation supports the homogenization of 
speeds, which has as a consequence a better use of the capacity of the infrastructure.  Furthermore, not all European 
countries have the same standards regarding geometric characteristics of the motorways transverse profiles. Since it 
has been proved that capacity depends on lanes width, one can easily admit differences between capacity increases 
due to the creation of an auxiliary lane by the hard shoulder in two different countries. In France, for instance, the 
standard lane width is 3.50 m, whereas it is 3.75 m in Germany. It is interesting to note that the German have 
obtained higher increases than the French; so do the Dutch.  
Dedicated lanes are commonly deployed in North America, especially in the form of High Occupancy Vehicle 
(HOV) lanes. Their use is restricted to vehicles with a predetermined number of occupants. Some studies have 
investigated the real impacts of HOV lanes on traffic congestion. (Menendez, Daganzo, 2007) showed that «HOV 
lanes may smooth flows through some bottlenecks by dampening lane changing activity». On the other hand, 
(Kwon, Varaiya, 2007) found that single-HOV lanes suffer a 20% capacity drop and provide little time saving 
compared to the adjacent general purpose lanes (GPL). The authors attributed these results, obtained from peak hour 
traffic data from 700+ loop detector stations installed on California’s HOV system, to overtaking restrictions on 
such facilities. While the primary objective of dedicated lanes is to increase the number of persons transported, 
especially during peak periods, they have also been used for safety purposes during the past few years.  
European case studies on the impact of dedicated lanes on capacity are still limited. In Grenoble (France), buses 
use shoulders on the A48 motorway to bypass congestion during high demand periods. Observations show that the 
overall capacity of the motorway is not modified.  
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3. Methodology 
The assessment of the impact of a dedicated lane on the level of service of an urban motorway is carried out ex 
post within a sustainable mobility framework, which emphasizes the changes of the capacity, the level of service 
and the travel time. The final impact on these indicators results from a before-after comparison between the do 
noting case and the new implemented scheme. Statistical analysis is performed on real data collected before and 
during the trial. An experimental design gives representative data samples for each configuration. The successive 
steps of the method are described hereafter.  
3.1. Data qualification 
Basic data consist only of aggregated mean speeds V, flows Q and occupancy OCC. They are collected from the 
system database which contains measurements provided by loop detector stations, installed throughout the 
motorway network of the Paris Region. The dedicated lane is effective during the morning peak period between 7 
and 10 am. In order to catch the whole morning peak period, we used 6min-data from 6 am to 1.30 pm. For each 
station and both before and after periods, inconsistencies and unusual traffic conditions are discarded through a 
proper filtering process. A 6min-triplet (Q, OCC, V) is rejected if:  
Q = 0 and { OCC # 0 or OCC #100% } 
Q # 0 and { OCC # 0 or OCC #100% } 
V   150km/h 
Q  300veh/6min/lane.  
For any given loop station and at each time-step no incident or accident is recorded at less than 5 kms upstream or 
downstream and within 5 hours, since this could affect traffic conditions at the station’s location. Finally, for each 
selected day, a station is considered unreliable if its reliability rate RR, given below, is less than 80%: 
 RR = 100*N/6*k 
 where N is the number of valid values of a given variable, during the observation period of duration 6*k (in 
minutes). This filtering process is applied on a per-station basis. Therefore a specific day is not necessarily selected 
for all the stations together. Comparisons are limited to homologous working days. 
3.2. Capacity Estimation 
Representative samples are used to calibrate a speed-concentration relationship for the subsections of the 
motorway on the basis of measurements over 6min sequences. This calibration is used to estimate the main 
operating thresholds at both before and after situations: capacity, free-flow speed, optimal speed at capacity, critical 
density. The chosen formulation is described by Equation (1) corresponding to the generalized exponential model: 
V = a exp (-b kD)         (1)  
where V denotes the mean speed (in km/h), k the concentration (k = Q/V in veh/km), and a, b and D are three real 
parameters which have to be adjusted. The form of the model means that nonlinear regression techniques must be 
used to estimate the parameters. Nonlinear regression estimates these parameters using a Gauss-Newton algorithm 
(which computes exact derivatives of the speed-concentration function). In many cases, this model provides the best 
fitting (Cohen, 1998), (Cohen, 2004). From this calibration phase, various parameters are derived, in particular 
capacity. The capacity analysis is performed at different subsections on the A1 motorway Roissy to Paris.  
3.3. Local Level of Service (LOS) 
The evolution of traffic conditions on the itinerary can be described in terms of levels of service. These are 
arbitrarily set, according to the country, from certain thresholds related to speeds and traffic counts. The Highway 
Capacity Manual (HCM, 2000) defines six levels of service (LOS A to LOS F), of which four pertain to free flow 
conditions.  
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In France, the determination of the thresholds for setting the four levels of service (LOS1 to LOS4) is based on the 
speed volume diagram which links up traffic flows to corresponding speeds. This diagram is calibrated from real 
data. The corresponding traffic states, illustrated in Fig.1, are given below: 
 
LOS1 free flow (LOS A and LOS B of HCM) with: Q/C < 0.75 to V > Vc 
LOS2 free flow to dense flow (LOS C and LOS D): 0.75  Q/C < 0.90 to V  Vc  
LOS3 dense flow (LOS E): Q/C  0.90 
LOS4 congested flow (LOS F): Q/C <0.90 to V < Vc. 
 
Volume-to-capacity ratio (Q/C)
Vc
0.75 0.90
Capacity
LOS1
LOS2
LOS4
1.0
LOS3
 
 
Fig. 1. Thresholds of the levels of service on the fundamental diagram (French approach). 
 
One should notice that unlike the LOS E of the HCM, LOS3, also refers to traffic conditions with mean speeds 
slightly lower than the optimal speed at capacity. 
3.4. Speed contour maps 
Global traffic conditions on the motorway are described by speed contour maps (Princeton, Cohen, 2010). 
Contour maps identify and quantify the traffic peaks on the itinerary with both the usual and new configurations. 
Characteristics of the peaks - location, duration, congestion index and intensity - can be used to assess the impact of 
the dedicated lane on traffic congestion. 
3.5. Travel Time Estimation 
For any road itinerary, travel time is a relevant metrics of the level of service. Surveys emphasize the favourable 
way in which road users respond to travel time information. Although different media are used - for example 
variable message signs, radio or on-board systems - needs are always particularly great under poor operating 
conditions (in the case of incidents and accidents, or during roadwork, congestion or adverse weather, etc.). Travel 
times are generally computed by an algorithm. Different estimation algorithms are available. In our case, due to the 
high number of detectors on the motorway (one station every 500m), the instantaneous estimation method is 
selected for this calculation. This method assumes that traffic conditions remain constant from the time a vehicle 
enters on a section link until it leaves this link and enters the following section. The total travel time is computed by 
adding the intermediate travel times on the links. The intermediate travel time is derived in real time from the spot 
speed measurement. Finally, the overall travel times between specific detectors along a route can be displayed with 
an acceptable accuracy. 
 
4. Description of the trial  
The scheme implemented on the A1 motorway in the north of Paris was an example of a dedicated lane with an 
economic purpose. This motorway is one of the busiest in France, with a daily traffic averaging 130,000 vehicles in 
both directions. Congestion occurs on the section between Charles de Gaulle Airport and Paris (southbound) and 
lasts more than 5 hours during the AM peak period. Queue lengths usually exceed 5 kms, from Paris backwards. 
200  Judith Princeton and Simon Cohen / Procedia Social and Behavioral Sciences 16 (2011) 196–206
Lane widths vary from 2.8 and 3.75 m and shoulders do not exist at some locations. This restrictive configuration of 
the transverse profile makes it impossible to increase the capacity through lane addition like hard shoulder running. 
During the morning, taxi drivers preferred to stay at the Airport waiting for passengers rather than attempting to go 
to Paris and get stuck in the congestion. As a consequence the taxi supply in the centre of Paris is drastically low, 
putting the city in an unfavourable situation compared with other major European cities like London or Madrid 
which attract tourists and businessmen. As part of the Government’s program to enhance Paris’s competitiveness, 
the Regional Highways Authority implemented an innovative lanes management strategy on the A1 motorway. It 
aimed at favouring taxis and buses by allocating to taxis the inner-left lane of the infrastructure from 7 to 10 on 
weekdays. Along the 16 km of the A1 motorway, between the Charles de Gaulle Airport and Paris, sections have 3, 
4 or 5 lanes per direction. As shown in Fig 2 representing the trial location, the length of the dedicated lane is 4.5 
km. For safety reasons, speed was limited to 70 km/h in order to reduce the differences in speed between the lanes.  
 
 
 
Fig. 2. Map of the trial location: A1 motorway from CDG airport to Paris (dedicated lane drawn in black).  
 
 
Cameras are installed along the dedicated lane of the motorway to track unauthorized drivers. Although the 
operation started in April 2009, fines were not levied until August. Hence, during the first three months (from April 
to July), there was no incentive to prevent unauthorized users from driving on the dedicated lane. For this reason we 
will divide the after period into two stages. Changes in traffic conditions after those three months are referred to as 
“mid-term effects”. This will allow us to see whether or not enforcement might have contributed to the effectiveness 
of the operation. 
5. Evaluation results  
In order to carry out the before after analysis we present two sets of results in the following sections.  They are 
related to traffic conditions during the base period and during the scheme implementation. Furthermore, we consider 
the short and mid-term effects of the operation on traffic conditions for the after period. 
 
Judith Princeton and Simon Cohen / Procedia Social and Behavioral Sciences 16 (2011) 196–206 201
5.1. Subsection capacity along the dedicated lane 
Capacity values are derived from the calibration process, as shown in Fig. 3 for a 3 lane subsection of the A1 
motorway. The analysis is performed upstream, downstream and along the dedicated lane. The main results are 
summarized in Table 1 and Table 2 which refer to the reference and the after periods respectively.  
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Fig.3. Calibration of the generalized exponential model flow density on a 3 lane subsection.  
 
 
Table 1 Coefficients of the speed density curve and characteristics of the subsections (before case)
 
Reference period 
(2008)
Coefficient  
a
Coefficient  
b
Coefficient   
Į
Capacity 
(veh/h)
Critical 
density 
(veh/km)
Optimal 
speed 
(km/h)
Section to be 
treated (3 lanes)
126 0.002221 1.316 4975 84 59
Upstream
Downstream 145 45
109 7E-09 3.834 7943 94 84
102 0.001862 1.222 6560
 
Table 2 Coefficients of the speed density curve and characteristics of the subsections (dedicated lane implemented) 
 
 
Coefficient  
a
Coefficient   
b
Coefficient 
Į
Capacity 
(veh/h)
Critical 
density 
(veh/km)
Optimal 
speed 
(km/h)
2 GP lanes 91 0.000030249 2.3889 3237 54 60
1 DL 103 0.001315940 1.815 1661 28 60
52
73Upstream
132
Treated section
104 0.000000505 2.893 7627 104
Downstream 90 0.000088745 1.792 6830
After period (2009)
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The available capacity for users drops approximately from 5000 to 3200 veh/h on the GP lanes which corresponds 
to a 35% reduction for a 3 lane subsection. Nevertheless, the total capacity for the after period is not significantly 
modified. The same result is obtained at the other locations along the dedicated lane. 
5.2. Traffic volumes on the dedicated lane 
A key assumption of the assessment study is related to the demand level on the dedicated lane, as well as drivers’ 
behaviour. According to the Regional Highways Authority 600 veh/h were expected on the dedicated lane. As 
shown in Fig. 4, during the mid-term period traffic counts on the dedicated lane reached 800 veh/h for only the first 
1.5 hour of activation. They are higher until deactivation.  
The short-term period is characterized by a drastic reduction in traffic flows on both lane types during the 
activation. This is due to a new bottleneck located at about 1 km upstream of the dedicated lane (DL). Two factors 
may explain the occurrence of this bottleneck. First, more lane changing manœuvres take place when approaching 
the facility. The second reason is that most of the traffic is restricted only to a subset of lanes. When capacity is 
exceeded a queue is formed, which traps even the vehicles moving toward the dedicated lane. We notice that 
immediately after deactivation (at 1000) flows grow rapidly on the general purpose lanes (GPL).  
 
 
 
Fig. 4. Traffic counts changes during the after period on GPL (left) and DL (right)
On the other hand for the mid-term period, from 8 am until 1 h 30 pm traffic counts on the GPL are higher than in 
the reference period. In the meantime fewer vehicles are observed on the dedicated lane. Since no significant 
changes have been measured on the total traffic volumes in the three (3) periods studied, this can be considered a 
consequence of the enforcement control.  
5.3. Changes of the local level of service (LOS) 
LOS_2008 
40%
9%13%
38%
LOS_2009 (short-term)
27%
5%14%
54%
LOS1 LOS2 LOS3 LOS4 
 
Fig.5. Temporal distribution of the levels of service before and after 
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Fig. 5 shows the evolution of the levels of service after the activation of the dedicated lane. One thus notes a 
reduction on behalf of the levels fluid and dense (LOS1 and LOS2) to the profit of the saturation level (LOS4) which 
gains approximately 15% of the time of circulation following the activation of the dedicated lane. Vehicle-km 
travelled (VKT) as well as vehicle-hours  (VHT) spent in circulation are given in Table 3 and Table 4.   
  
Table 3 Traffic volumes per level of service (before and after) 
 
 VKT (veh-km) LOS1 LOS2 LOS3 LOS4 Total 
Before 107 223 52 600 58 436 124 183 342 442 
After 
GPL 60 814 6 274 76 946 157 033 317 000  
(-   7%) Ded lane  2 318 2 990 2 404 8 221 
 
Table 4 Time distribution of the levels of service 
 
VHT  (veh-h) LOS1 LOS2 LOS3 LOS4 Total 
Before 1 080 571 1 625 7 242 10 519 
After GPL 639 69 2 417 7 368 11000   
(+5%) Ded lane 41 51 69 346 
 
The analysis of these data brings out the fact that the operation led to a fall of approximately 5 km/h of the mean 
speed at the free-flow and dense levels of service.  This decrease is much more significant at LOS2: it reaches 15 
km/h.  On the other hand, there is a slight increase of about 4km/h of the mean speed in saturation (LOS4). These 
results suggest that the dedicated way would play a role of speed regulator, which is confirmed by the studies of 
(Menendez, Daganzo, 2007) on the effect of the HOV lanes on motorway bottlenecks. 
 
5.4. Traffic Conditions by speed contour maps 
For the reference situation, the traffic characteristics are illustrated in the speed contour map of Table 5. The main 
bottleneck is located at the off-ramp to the ring road (westbound). Congestion occurs at about 7am and clears after 
11h30 am. The queue length slightly exceeds 5 kms. 
 
Table 5 Real contour map during the reference period (speed in km/h) 
 
 CDG 
Airport        DL DL DL DL   Paris  
TS/S S1 S2 S5 S6 S7 S8 S9 S10 S11 S12 S13 S15 S18 S19 S21 
Station 16+0900 16+0000 12+0800 11+0600 10+0700 08+0800 08+0355 07+0800 07+0400 06+0000 05+0170 04+0000 01+0800 00+0700 00-0252 
06 :48 113 95 113 108 73 89 89 76 93 79 68 21 49 40 60 
07 :00 121 103 114 99 41 79 66 54 84 76 29 18 33 25 60 
07 :12 120 101 118 105 41 68 62 80 89 64 27 14 20 19 59 
07 :24 126 102 117 107 42 67 54 64 80 43 19 11 18 17 60 
07 :36 123 105 116 111 42 48 41 31 56 15 20 11 15 16 60 
07 :48 124 105 115 110 50 49 30 28 50 13 20 12 15 15 59 
08 :00 122 104 115 109 78 45 29 34 53 17 22 12 14 14 61 
08 :12 124 106 116 110 83 72 64 34 69 16 22 12 13 14 60 
08 :24 125 102 114 109 85 92 98 40 88 26 23 12 13 13 61 
08 :36 124 102 114 109 86 95 99 30 102 53 22 13 13 13 59 
08 :48 126 108 114 111 86 96 98 30 100 80 25 13 13 13 60 
09 :00 124 102 114 109 59 92 97 45 99 80 28 13 14 13 60 
09 :12 120 102 113 111 66 91 97 37 102 76 24 13 13 13 59 
09 :24 117 96 111 111 87 93 95 39 101 51 26 12 13 14 57 
09 :36 112 94 110 111 90 92 96 39 102 30 26 13 13 13 58 
09 :48 110 92 110 111 92 93 96 30 103 59 29 13 14 13 56 
10 :00 110 91 110 113 93 92 96 34 103 77 25 12 14 14 56 
10 :12 108 91 109 111 93 93 95 68 102 74 26 13 15 15 57 
10 :24 108 89 112 113 93 93 96 94 103 78 28 15 16 15 57 
10 :36 105 88 109 112 93 92 95 92 103 80 33 15 16 16 55 
10 :48 109 91 107 112 94 91 96 83 103 79 85 15 16 17 58 
11 :00 111 91 111 113 94 92 95 93 104 78 94 16 17 18 59 
11 :12 114 96 111 113 94 94 96 93 105 81 93 19 18 19 57 
11 :24 108 92 111 114 94 93 96 92 104 80 95 27 19 20 57 
 
V > 60 km/h V = 30-60 km/h V = 15-30 km/h V  15 km/h 
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5.4.1. Real short-term effects 
The speed contour map for the first three months is shown in Table 6. Data collected for this period also indicated 
that the exit to Paris still remains a bottleneck after the activation of the dedicated lane. A new bottleneck occurs at 
about 1 km upstream of the beginning of the lane at 7 am. Due to station unreliability during those first three 
months, it was not possible to measure accurately the length of the resulting queue. Nevertheless, the general pattern 
suggests a queue spillback of roughly 5 kms.  
 
Table 6 Actual contour map on the general purpose lanes. Implementation period April to July 2009 (speed in 
km/h) 
 
 
CDG 
Airport          DL DL DL DL DL     Paris 
TS/SS 1 2 3 4 5 6 7 8 9 10 11 12a 12b 13 15 17a 17b 18 19 21 
06 :48  85    87 44 66 54 64 80 95 61 34 20 34 35 65 53 64 
07 :00  81    39 39 44 30 57 65 44 26 27 18 27 27 38 29 64 
07 :12  79    43 36 38 28 56 69 38 21 22 15 17 15 25 23 63 
07 :24  77    47 34 32 26 41 52 15 13 19 12 14 14 23 22 66 
07 :36  62    85 29 23 21 27 33 11 12 13 12 13 12 21 22 68 
07 :48  52    26 25 23 20 25 30 8 10 16 12 13 11 19 21 68 
08 :00  51    15 24 21 20 27 32 9 11 14 13 12 11 18 20 66 
08 :12  50    11 23 22 21 27 32 11 12 18 13 14 11 18 20 64 
08 :24  53    15 23 21 19 24 29 10 11 16 13 13 9 17 22 64 
08 :36  69    16 22 23 22 31 33 9 13 17 14 12 11 17 22 67 
08 :48  66    17 23 22 22 32 33 11 13 17 16 12 12 16 21 67 
09 :00  65    17 26 25 23 33 34 14 14 18 15 12 11 16 21 66 
09 :12  72    15 26 29 24 35 39 16 13 17 13 12 10 17 20 65 
09 :24  66    20 28 28 21 29 34 15 15 18 14 14 11 17 21 65 
09 :36  70    24 23 24 23 35 37 17 16 20 15 15 11 18 22 61 
09 :48  75    18 24 26 23 32 32 16 15 21 15 12 12 18 23 63 
10 :00  74    14 25 26 21 33 35 16 14 19 14 16 12 19 22 62 
10 :12  73    15 29 29 23 31 36 17 16 23 15 16 13 20 25 61 
10 :24  73    19 29 39 31 37 37 25 18 27 15 16 13 18 23 59 
10 :36  73    20 32 35 23 35 42 23 20 27 15 17 14 19 24 58 
10 :48  72    17 33 39 23 44 47 28 20 28 15 19 15 20 24 59 
11 :00  70    18 35 43 28 41 44 29 21 27 15 17 16 20 23 59 
11 :12  55    22 40 42 26 38 45 25 19 27 14 17 13 19 23 59 
11 :24  72     39 46 37 44 56 30 22 27 18 17 16 23 25 58 
 
V > 60 km/h V = 30-60 km/h V = 15-30 km/h V  15 km/h 
5.4.2. Real mid-term effects 
 
The speed contour map for the GPL is given in Table 7. The mid-term effects were evaluated from September to 
November 2009.  
 
Table 7 Real contour map on the general purpose lanes. Activation period September to November 2009 (speed 
in km/h) 
 
 CDG 
Airport          DL DL DL DL DL     Paris 
TS/SS 1 2 3 4 5 6 7 8 9 10 11 12a 12b 13 15 17a 17b 18 19 21 
06:48 102 100 115 96 104 83 44 59 49 60 76 102 79 42 22 31 31 56 36 62 
07:00 104 99 114 96 83 38 36 49 37 54 71 53 39 27 18 24 20 33 26 62 
07:12 101 100 116 97 76 36 34 39 29 46 67 45 28 23 15 18 15 25 21 63 
07:24 103 101 115 97 91 34 31 34 25 40 59 20 22 21 12 15 13 21 18 63 
07:36 109 101 115 97 103 26 29 29 22 34 48 20 19 21 13 14 12 19 16 62 
07:48 114 104 115 95 101 27 27 26 18 28 35 18 16 20 12 13 11 18 15 63 
08:00 105 103 117 95 97 23 27 25 16 23 29 13 16 19 13 12 12 17 15 62 
08:12 109 104 114 95 78 16 24 22 16 23 27 22 16 22 13 13 12 18 14 64 
08:24 118 105 116 96 61 20 24 23 16 24 29 17 16 23 13 12 12 16 15 63 
08:36 116 105 117 95 26 20 24 25 18 24 31 17 19 23 13 12 13 17 14 64 
08:48 109 104 114 95 27 17 26 26 19 26 32 23 19 22 13 13 13 18 14 64 
09:00 111 106 115 96 24 16 26 26 18 26 32 20 18 22 13 13 13 17 14 63 
09:12 108 102 114 97 29 21 27 30 23 32 43 27 21 23 14 13 13 17 14 63 
09:24 102 99 112 94 31 22 29 33 25 32 44 27 21 24 13 12 12 16 15 60 
09:36 105 98 114 95 74 26 31 30 23 32 41 20 20 22 14 12 11 18 15 61 
09:48 97 94 113 94 107 30 32 33 23 30 35 31 19 21 13 13 11 19 16 60 
10:00 102 93 113 94 107 70 35 34 21 29 36 25 19 23 15 13 13 19 17 59 
10:12 94 94 114 95 111 80 38 45 25 34 45 24 24 26 17 14 14 20 18 58 
10:24 100 93 113 93 108 101 77 73 53 44 67 26 27 27 17 15 16 21 19 57 
10:36 98 92 112 93 107 110 92 88 90 85 90 46 31 31 19 17 15 21 18 59 
10:48 97 93 113 93 109 109 93 91 94 89 97 48 39 34 22 17 16 21 20 60 
11:00 88 93 113 94 109 110 93 93 94 91 97 42 91 65 31 18 19 25 24 59 
11:12 96 92 112 93 109 112 92 92 95 91 98 93 92 80 71 21 23 27 23 57 
11:24 97 93 114 93 110 110 92 92 95 91 98 94 93 80 81 23 24 29 26 57 
 
V > 60 km/h V = 30-60 km/h V = 15-30 km/h V  15 km/h 
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It is assumed that any modification observed in comparison to the short-term period must be due to changes in 
drivers’ behaviour. Data collected for this period also indicated that the exit to Paris still remains a bottleneck after 
the activation of the dedicated lane, as well as the new bottleneck observed during the short-term period.
5.5. Evolution of travel times  
The corresponding travel times are presented for the whole trip from Roissy airport to Paris. The estimated values 
range from 27 to 40 minutes during the morning peak. Table 8 provides the average values and the standard 
deviations (in brakets) of the travel time on the A1 itinerary. 
 
Table 8 Average travel times (standard deviation) on the various lanes during the morning peak  
 
Average travel time (in mn) 7h - 8h  8h - 9h  9h - 10h  
Reference before 
(2008) All lanes 27.4  (7.2) 29.4  (7.9) 26.3  (7.9) 
Phase 1 Dedicated lane 37.3  (4.6) 38.1  (5.9) 35.2  (6.0) 
June-July 2009 GPL 40.6  (6.5)  45.1  (5.0)  38.7  (6.2) 
Phase 2 Dedicated lane 27.2  (1.0)  28.9  (0.6) 25.3  (2.1)  
Sept-Nov 2009 GPL 34.6  (4.2) 37.5  (1.2)  32.8  (2.7)  
     
 
The reference travel time is better than that of the taxis in first phase of the operation and that observed on the 
general purpose lanes. Between 8 and 9am for instance, the travel time on the dedicated lane undergoes an increase 
of almost 9mn (+34%) compared to the situation prevailing in 2008. On the other lanes, the increase is even marked 
and reaches 16 mn, approximately (+53%). The figure is modified with the better compliance stated during the 
second phase of the operation. During the mid-term period, the travel time on the dedicated lane remains practically 
equivalent to that of the reference situation: 29 mn. Smaller values could be reached with a better compliance of the 
dedicated lane from the motorway users. On the GPL, the travel time increases strongly: more than 7mn (+ 26%).  
6. Conclusion 
The trial described in the paper provides precise information in an area which until now has been little 
investigated. Capacity and level of service measured after the implementation of a dedicated lane are compared to 
the pre-existing situation. The key findings summarize the impact of the dedicated lane on the functioning of the 
motorway.  
When the dedicated lane is implemented, capacity remains stable upstream and downstream. With one lane in 
less, capacity of the 3 lane sections is reduced by 35% and by 25% on the four lane sections. The level of service is 
degraded in a significant way upstream of the dedicated lane while it is very slightly improved downstream. The 
length of the recurring peak increases noticeably.   
Dedicating an existing lane to special users’ categories may create a bottleneck upstream. Lane changing 
manœuvres are multiplied when approaching the dedicated lane with taxis switching to the left lane at the same time 
as non authorized vehicles are leaving it. Furthermore, when the demand level for the remaining general purpose 
lanes exceeds their capacity, queue spillback may even trap vehicles wishing to reach the special lane.   
Enforcement controls do have an effect on drivers’ compliance as fewer vehicles were recorded on the dedicated 
lane after violators received their first fines. Comparison between traffic conditions before and after enforcement 
controls indicates an improvement in traffic conditions on both sets of lanes. The travel time saving is more than 5-
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minutes. However, drivers’ compliance is not total. There still remain a large number of non-authorized vehicles on 
the dedicated lane, whose behaviour may disturb the traffic stream since this lane is not physically separated. 
As a whole, the operation is not likely to achieve its goal, which is to reduce travel times for taxis and buses. The 
main reason is that those vehicles still enter the pre-existing congestion at the downstream end of the dedicated lane.  
These practical results contribute to a better knowledge of the impact of dedicated lanes on the functioning of 
urban motorways.  
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